New thermosetting polyphenylquinoxalines
Translation submitted by P. Curtis Polyphenylquinoxalines (PPQs) produced by the interaction of bis(o-phenylenediamines) with bis(α-diketones) in accordance with the general scheme (1) are characterised by a combination of solubility in organic solvents and high chemical resistance and thermal stability [1] , which determines the possibility of producing, on their basis, thermally resistant composite materials, antifriction materials and coatings, and adhesives. On the other hand, PPQs have comparatively low glass transition temperatures T g -even a polymer based on 1,4-bis(phenylglyoxalyl)benzene and 3,3´-diaminobenzidine, free of "hinged" bonds, has a T g of 318°C [2] , which makes it impossible for these polymers to be used in articles operating at temperatures exceeding 300°C [3] . In order to overcome this shortcoming in PPQs, a number of research groups have used approaches such as introducing condensed rings into the main chains of the PPQ macromolecules [4, 5] or giving the PPQs a "crosslinked" structure [6] . An effective way of creating PPQs of "crosslinked" structure is to use tris(α-diketones) in their production [7] [8] [9] [10] , typical examples of which are 4,4´-bis[(4˝-oxybenzylyl)benzyl] [7] [8] [9] [10] and 4,4´,4˝-tris[(phenylglyoxalyl)triphenylphosphine oxide] [10] Within the framework of this research, we carried out the synthesis of a tris(α-diketone) -N,N´,N˝-tris(4-benzylyl) mellitimide (I) and thermosetting PPQs based on it.
Hexaketone I was synthesised by the interaction of mellitic acid [11] with a threefold molar quantity of 4-aminobenzyl [12] (taken in 20% excess) in accordance with the scheme (2) Synthesis was carried out in m-cresol with the use of benzoic acid as the catalyst at 140-150°C for 60 h.
The structure of the product, produced in 88% yield, was confi rmed by elemental analysis data ( Table 1 ) and IR spectroscopy. In particular, the IR spectrum contains absorption maxima in the 720, 1380, 1720, and 1780 cm -1 regions, characteristic of individual fragments of fi ve-membered imide rings [13] , and also in the 1680 cm -1 region, relating to α-diketone groups [13] .
The possibility of all α-diketone groups entering into a cyclocondensation reaction leading to the formation of phenylquinoxaline fragments was confi rmed by the interaction of compound I with a threefold molar quantity of o-phenylenediamine. This model reaction was carried out in accordance with Scheme (3).
The reaction was carried out in m-cresol for 2 h and led to the production of compound II in 75% yield (after recrystallisation): 
where R = -SO 2 -and -O-and
The structure of compound II was confi rmed by data of elemental ( Table 1) and IR spectral analysis. In particular, in the IR spectrum of compound II there are no absorption maxima in the 1680 cm -1 region (α-diketone group) but there are absorption maxima in the 1640 cm -1 region, corresponding to C=N groups of quinoxaline [13] and also in the 720, 1380, 1720, and 1780 cm -1 regions, characteristic of individual fragments of fi ve-membered imide rings [13] .
For the synthesis of PPQs, the following were chosen: bis(o-phenylenediamines) -3,3´,4,4´-tetraaminodiphenyl oxide [4] and 3,3´,4,4´-tetraaminodiphenylsulphone [15] , and bis(a-diketones) -1,4-bis(phenylglyoxalyl) benzene [16, 17] , 4,4´-bis(phenylglyoxalyl)diphenyl [16, 18] , 4,4´-bis(phenylglyoxalyl)diphenyl oxide [16, 19] , 4,4´-bis(phenylglyoxalyl)benzophenone [16, 19] , N,N´-bis-(4-benzylylphthalimide) oxide [20] , and N,N´-bis-(4-benzylyl)naphthalimide [21] . To give PPQs the capacity for thermosetting, bis(α-diketones) were partially (3-25 mol.%) replaced with I.
The synthesis of polymers using mixtures of I and bis(phenylglyoxalyl)arylenes, taken in different ratios, was carried out in accordance with Scheme (4).
Carrying out these reactions in m-cresol at moderate temperature (150°C) and time (1 h) made it possible to produce entirely soluble copolymers not only based on the least basic bis(o-phenylenediamine) -3,3´,4,4´-tetraaminodiphenylsulphone [22] -but also the most basic -3,3´,4,4´-tetraaminodiphenyl oxide [22] .
All of the polymers obtained were dissolved in m-cresol and a mixture of tetrachloroethane with phenol; they possessed high viscosity characteristics ( Table 2) , indicating high molecular weights of these polymers. Their softening temperatures lay, according to data of Certain characteristics of polymers based on compound I, different bis(a-diketones), and bis(ophenylenediamines) thermomechanical analysis, in the range 275-340°C (Table 3) , while the temperatures of the start of breakdown in air (TGA, T = 4.5 K/min) amounted to 500-520°C. The solubility of the polymers in phenolic solvents, combined with their high viscosity characteristics, made it possible to produce, on their basis, strong (σ = 138.5-342.5 MPa) and elastic (ε = 10-21%) fi lms ( Table 3) . Heat treatment of the copolymers produced, both in powder and in fi lm, at 300°C for 2 h led to nonsoftening and insoluble polymers, which was connected with the formation of "crosslinked" structures.
